Introduction {#s1}
============

Autism is a neural development disorder characterized by impaired social interaction and verbal and non-verbal communication ([@bib2]; [@bib18]). Attention-deficit/hyperactivity disorder (ADHD) is characterized by inappropriate levels of inattention and hyperactivity, resulting in functional impairment ([@bib2]). Autism and ADHD typically begin in childhood and often persist into adulthood ([@bib2]; [@bib18]). A recent study suggests that autism and ADHD share common genetic mutations ([@bib7]), which may provide the genetic basis for the associations of the two disorders. The etiology of autism and ADHD is, however, largely unknown, although a few genetic and environmental factors have been suggested to be associated with their developments ([@bib27]; [@bib28]). Epidemiological studies suggest that the prevalence of both disorders is increasing ([@bib11]; [@bib24]; [@bib4]), and that advanced parental age at the time of conception is associated with increased risk of autism ([@bib16]; [@bib25]). A subsequent study showed that the risk of autism was also higher in grandchildren with an older maternal grandmother compared to those with a younger one ([@bib12]). In addition, twin studies showed that the concordance rate for autism is much higher in monozygotic twins than in dizygotic twins ([@bib23]), suggesting de novo mutations may partly explain the development of autism ([@bib6]; [@bib16]). Previous studies found that a number of de novo mutations and epigenetic modifications in germ cells could lead to increased rates of autism, schizophrenia, and other mental disorders ([@bib21]; [@bib11]; [@bib4]; [@bib6]; [@bib16]; [@bib25]; [@bib14]; [@bib30]). It is thus important to identify potential environmental factors that contribute to the increased rate of de novo mutations and/or epigenetic modifications in the parents ([@bib15]). We assume that excessive alcohol consumption may be associated with an increased rate of de novo mutations in germ cells (sperms or eggs), because previous studies showed that exposures to alcohol could lead to increased rates of mutations in germ cells ([@bib22]; [@bib29]). It is thus necessary to examine whether the risks of autism and ADHD are increased among individuals with a family history of alcohol use disorders (AUDs). In addition, we examined the offspring risks of autism and ADHD when their adoptive parents were diagnosed with AUDs to disentangle the potential contribution of high levels of psychological tension and stress in AUD families.

Results {#s2}
=======

In [Table 1](#tbl1){ref-type="table"}, we present the basic characteristics of individuals with autism and ADHD. A total of 24157 and 49348 individuals were identified with autism and ADHD in Sweden between 1987 and 2010. Men were more often diagnosed with these two disorders than women, and the median age at diagnosis was for both disorders 16 years. The incidences of the two disorders increased greatly during the last decade.10.7554/eLife.02917.003Table 1.Basic characteristics of patients with autism and ADHD**DOI:** [http://dx.doi.org/10.7554/eLife.02917.003](10.7554/eLife.02917.003)CharacteristicAutismADHDNo.%No.%SexMale1680869.63349167.9Female734930.41585732.1Age (years)\<10599524.8812916.510--19967140.02285446.320--29421517.4772715.730+427617.71063821.6Time period1987--19904251.82070.41991--19956562.73810.81996--200011995.013072.62001--2005645726.7995320.22006--20101542063.83750076.0All24157100.049348100.0

The risks of autism and ADHD among individuals with a family history of AUDs are presented in [Table 2](#tbl2){ref-type="table"}. During more than 10 million person-years of follow-up, a total of 3136 individuals were diagnosed with autism and 10,047 individuals were diagnosed with ADHD. The overall risks of autism and ADHD were 1.39 (95% CI 1.34--1.44) and 2.19 (95% CI 2.15--2.23), respectively, among individuals with an affected parent with AUDs compared to those without an affected parent. The risks were similar in affected sons and daughters. The PAF was 3.6 and 11.0%, respectively, for autism and ADHD.10.7554/eLife.02917.004Table 2.Risk of autism and ADHD in offspring when their parents were diagnosed with alcohol use disorder (AUD)**DOI:** [http://dx.doi.org/10.7554/eLife.02917.004](10.7554/eLife.02917.004)AUD in parentNo. of offspring at riskPerson-years of follow-upAutismADHDOSIR95% CIOSIR95% CIRisk in sonsFather23569644857071793**1.39**1.331.455548**2.17**2.112.22Mother692141344766567**1.55**1.431.691952**2.73**2.612.85Parents28976355403622203**1.41**1.351.476800**2.20**2.152.25Risk in daughtersFather2253174306194753**1.31**1.221.42609**2.12**2.042.21Mother65,4791275507245**1.50**1.321.7970**2.77**2.602.95Parents2764395305285933**1.34**1.251.433247**2.18**2.102.25Risk in offspringFather46101387919012546**1.36**1.311.428157**2.15**2.112.20Mother1346932620273812**1.54**1.431.652922**2.74**2.642.84Parents566202108456473136**1.39**1.341.4410,047**2.19**2.152.23PAF3.6%11%[^1][^2][^3]

To examine whether the observed association in [Table 2](#tbl2){ref-type="table"} is possibly due to putative germ cell mutation in parents with alcohol consumption, we studied the risk of autism and ADHD among offspring whose parents were diagnosed with AUDs before their birth ([Table 3](#tbl3){ref-type="table"}). Only 95,003 offspring had a parent diagnosed with AUDs before their birth, which accounted for 16% of all offspring with a family history of AUDs. After 922,618 person-year of follow-up, the overall risks of autism and ADHD were 1.46 (95% CI 1.36--1.58) and 2.70 (95% CI 2.59--2.81), respectively, as compared to those without an affected parent. The increase risks were similar in affected sons and daughters.10.7554/eLife.02917.005Table 3.Risk of autism and ADHD in offspring when their parents were diagnosed with alcohol use disorder (AUD) before the birth of the offspring**DOI:** [http://dx.doi.org/10.7554/eLife.02917.005](10.7554/eLife.02917.005)AUD in parentNo. of offspring at riskPerson-years of follow-upAutismADHDOSIR95% CIOSIR95% CIRisk in sonsFather41832410327442**1.44**1.311.591555**2.60**2.482.74Mother877680,68999**1.67**1.352.03347**3.14**2.823.49Parents48704472596514**1.46**1.341.591778**2.61**2.492.73Risk in daughtersFather39684390429145**1.40**1.181.64565**3.05**2.803.31Mother84577725936**1.79**1.252.48119**3.44**2.854.12Parents46299450022175**1.47**1.261.70634**3.00**2.773.24Risk in offspringFather81516800756587**1.43**1.321.552120**2.71**2.592.83Mother17233157948135**1.70**1.422.01466**3.22**2.933.52Parents95003922618689**1.46**1.361.582412**2.70**2.592.81[^4][^5]

In [Table 4](#tbl4){ref-type="table"}, we present the risk of autism and ADHD among adoptees when either their biological or adoptive parents were diagnosed with AUDs. The risks of autism and ADHD were significantly increased when their biological parents were diagnosed with AUDs with a SIR of 1.75 and 1.91, respectively. However, the risks were not significant when their adoptive parents were diagnosed with AUDs, possibly because of limited numbers of cases.10.7554/eLife.02917.006Table 4.Risk of autism and ADHD in adoptees when their biological or adoptive parents were diagnosed with alcohol use disorder (AUD)**DOI:** [http://dx.doi.org/10.7554/eLife.02917.006](10.7554/eLife.02917.006)No. of offspring at riskPerson-years of follow-upAutismADHDOSIR95% CIOSIR95% CIBiological parents with AUD Father21755174616**2.15**1.233.5053**2.63**1.973.44 Mother138132745101.810.863.35181.210.721.92 Parents32517731019**1.75**1.052.7458**1.91**1.452.47Adoptive parents with AUD Father45710,83910.750.004.2871.780.703.68 Mother2295443041.930.504.98 Parents6541554610.510.002.9391.590.723.04[^6][^7]

Discussion {#s3}
==========

In this population-based cohort study from Sweden of 24,157 and 49,348 individuals with autism and ADHD, respectively, we found that the risks were significantly increased among individuals with a family history of AUDs, after adjusting for potential confounding factors. The incidence rates of autism and ADHD were somewhat more pronounced when the diagnosis of AUDs in parents occurred before the birth of their offspring. The time-relationship supports that the observed association between parental AUDs and autism and ADHD in offspring may be causal. In addition, we studied the incidence among adoptees to disentangle the contribution by environmental factors. However, we could not draw definite conclusions from these results, as the cases were very few among adoptees with an affected adoptive parent. The PAF was 3.6 and 11.0% for autism and ADHD, respectively, if excess alcohol consumption could be avoided in their parents.

There are a few possible biological explanations for the high observed risks of autism and ADHD among individuals with a family history of AUDs. Firstly, they could be explained by an increased rate of de novo mutations among individuals with AUDs, confirming our hypothesis. It should be noted that although a few de novo mutations have been found to be related to autism ([@bib6]; [@bib16]; [@bib30]), associations with ADHD are still lacking, calling for more research to examine possible mutations among patients with ADHD. However, a recent study found that autism and ADHD share common genetic mutations ([@bib7]), which may partly explain their associations with parental AUD. In addition, the increased risks of autism and ADHD may be related to epigenetic modifications of specific genes because exposure to alcohol can alter the methylation status in sperm cells ([@bib13]). How epigenetic modifications may affect the development of these disorders should, however, be examined in further studies. It should be noted that there might be common genetic predispositions linked to AUD, autism and ADHD. An additional explanation for the observed associations is that children of individuals with alcohol problems may face high levels of tension and stress at home, and that a stressful home environment may lead to communication problems, bad school performances, and, ultimately, to the development of autism and ADHD ([@bib1]). However, our study found that the risk of autism and ADHD was increased only when the biological parents were diagnosed with AUDs, suggesting that genes as well as a stressful home environment have an impact on the increased risk of autism and ADHD.

One possible reason for the high risks of autism and ADHD among offspring with mothers with AUDs is that mothers with AUDs may continue drinking alcohol during pregnancy, causing long-term structural, behavioral, and cognitive damage to their children. It is known that alcohol can be carried to the placenta and that the concentration of alcohol in the unborn baby\'s bloodstream is the same as that in the mother. Mothers who consume alcohol during pregnancy may give birth to a baby with fetal alcohol syndrome (FAS). In general, the more severe the mother\'s drinking problem is during pregnancy, the more severe are the symptoms of FAS in infants ([@bib17]). Children with FAS may be diagnosed with autism or ADHD because these conditions are all characterized by an impaired quality of social interaction ([@bib3]).

Around 4% of autism and 11% of ADHD in offspring can be avoided if parents avoid excessive alcohol consumption. It should be noted that even moderate alcohol consumption during pregnancy may affect the child\'s cognitive score ([@bib19]), suggesting that the proportion of the two diseases related to parental alcohol consumption would be even higher if individuals with moderate alcohol drinking were also included in the calculation of PAF.

An important strength of this study is that all the data were retrieved from Swedish registers with high quality and coverage. In addition, the number of patients included is large enough to guarantee reliable risk estimates. The prospective study design and the completeness of the follow-up of patients are other major advantages of the present study. Moreover, we adjusted for a number of confounding factors and thereby minimized confounding.

One limitation of this study is that only individuals with autism and ADHD who visited either primary health care or a hospital were included. Another limitation is the lack of information on some individual-level risk factors, such as parental drinking habits of moderate nature, psychosocial factors, and sociocultural behaviors. In addition, it is likely that the identification of AUD in parents could be underreported.

In summary, individuals with a family history of AUDs had increased risks of autism and ADHD, which calls for further study to examine the underlying mechanisms and for clinical attention and extra surveillance for children with a family history of AUDs.

Materials and methods {#s4}
=====================

This study was approved by the Ethics Committee at Lund University, Sweden. Individuals with autism and ADHD were identified from four Swedish Registers: the primary health care registers covering the counties of Skåne (1987--2010) and Stockholm (2001--2007) and the National Swedish Hospital Discharge Register (1987--2010) and Outpatient Register (2001--2010). The primary health care register in Skåne (the southernmost province of Sweden), PASIS, contains data on individuals (around 1.2 million) who visited primary health care in Skåne between 1987 and 2010. The primary health care register in Stockholm covers 75 primary health care centers for the period 2001--2007. The Swedish Hospital Discharge Register was founded in 1964--65 by the National Board of Health and Welfare, and has had complete nationwide coverage since 1987. The Outpatient Register contains data on all visits to outpatient clinics in Sweden since 2001. A recent external review suggested that the overall accuracy of the Swedish Hospital Registry is approximately 85--95% ([@bib20]). Individuals with autism were identified according to the International Classification of Diseases (ICD-9 code 299B and ICD-10 code F840). Individuals with ADHD were identified according to ICD-9 code 314 and ICD-10 code F90.

We further linked individuals with autism and ADHD to the Swedish Multi-Generation Register to identify their parents ([@bib9]). The Swedish Multi-Generation Register contains data on the biological parents of index persons born in or since 1932 and registered in Sweden since 1961. The Multi-Generation Register contains data on more than 3.2 million families and 12 million individuals. In addition, we identified 22,996 individuals who were born after 1950 and had been adopted, with information available on both adoptive parents and at least one biological parent. Adoptees adopted by biological relatives or by an adoptive parent living with a biological parent were excluded. Diagnoses of AUDs in parents (biological or adoptive) were identified from three national registries, including the Hospital Discharge and Outpatient Registers using the ICD-9 (291A--291F, 291W, 291X, 303, 305A) and ICD-10 codes (F10), the Crime Register (which contains data on individuals who committed AUD-related crimes in 1973--2007), and the Swedish Pharmacy Register (2005--2010). Data from the latter were based on prescriptions of disulfiram, naltrexone, and acamprosate. Using these three sources, we identified 420,489 unique individuals with AUDs (lifetime prevalence in Sweden of ∼3.8%).

Additional linkages were made to the Statistics Sweden\'s Total Population Register (≥1990) and the Population a Housing Census (\<1990) to obtain information on individual-level characteristics, such as year of birth, sex, and country of birth; to the Cause of Death Register to identify date of death; and to the Emigration Registry to identify date of emigration. All linkages were performed using individual national identification numbers, which were replaced with serial numbers in order to preserve anonymity.

We calculated person-years at risk of autism and ADHD among individuals with a family history of AUDs (either biological or adoptive parents with AUDs) from the date of birth, immigration, or 1 January 1987, whichever came last, until the date of diagnosis of autism or ADHD, death, emigration, or the end of the study period (31 December 2010), whichever came first. Standardized incidence ratios (SIRs) were calculated as the ratio of the observed and expected numbers of cases ([@bib5]; [@bib26]). The expected number of cases was calculated according to the incidence rate for all individuals without a family history of AUDs. SIRs were standardized by 5-year age group, sex (male and female), 5-year time period, family history of autism or ADHD, and individual disposable income ([@bib10]). 95% confidence intervals for the SIRs were calculated assuming a Poisson distribution, and were rounded to the nearest two decimals ([@bib10]). The population attributable fraction (PAF) is the proportion of the disease burden in the population that could be prevented if exposure to a particular risk factor could be avoided ([@bib8]). The calculation of PAF is based on a relative risk estimate. In this study, SIRs were used to calculate PAF as follows: PAF = proportion of autism and ADHD patients with a family history of AUD × (SIR − 1)/SIR. All analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC).
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Thank you for sending your work entitled "Autism and Attention-Deficit/Hyperactivity Disorder among Individuals with a Family History of Alcohol Use Disorders" for consideration at *eLife*. Your article has been favorably evaluated by Prabhat Jha (Senior editor), a Reviewing editor, and 2 reviewers.

The Reviewing editor and the reviewers discussed their comments before we reached this decision, and the Reviewing editor has assembled the following comments to help you prepare a revised submission.

Your paper presents intriguing data on the association between a diagnosis of alcoholism in at least one of the parents and autism or ADHD in the offspring. The following points must be addressed in your revision. Although all six items are important we consider concern \#1 below as absolutely critical. You must convince us that the preponderance of the evidence is in line with your hypothesis, i.e., that the putative germ line mutations induced by alcohol occurred before the birth of the child. Our decision to publish will primarily hinge on this demonstration.

1\) The most important concern we have is that you may have misinterpreted the directionality of the causal relation. How do you know that the putative germ cell mutations that you attribute to heavy and chronic alcohol consumption in the parents occurred before the conception of the affected offspring? You must carry out analyses and add evidence to demonstrate that the diagnosis of alcoholism (or at least the onset of the excessive consumption that led to a clinical diagnosis eventually) occurred before the birth of the child. This is the only analytical framework that can bolster your underlying hypothesis. Having a child affected by autism or ADHD can lead parents to seek emotional relief in alcohol drinking, which would also create a statistical association. Therefore, it is paramount that you document the temporality of the association.

2\) Although the attempt to distinguish between risks in biological and adoptive parents is commendable much of your reasoning hinges on the lack of significance among the latter to advance the notion of a causal mechanism. With at most nine parents for ADHD and one father for autism the analysis for cases among adoptive parents is imprecise, and thus meaningless. You must refrain from making sweeping statements about the differences between findings in biological and adoptive parents as being in support of your hypothesis.

3\) The argument that the effect is greater for maternal than paternal alcoholism calls for a specific test for effect modification for the data summarized in [Table 2](#tbl2){ref-type="table"}.

4\) [Tables 2--4](#tbl2 tbl3 tbl4){ref-type="table"} should be more explicit and indicate in additional columns the number of persons at risk and hopefully the person-time accumulated in each category.

5\) [Table 3](#tbl3){ref-type="table"} needs to be better explained. It seems that your study did not confirm the expected trend of increased autism risk with advanced paternal age.
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*1) The most important concern we have is that you may have misinterpreted the directionality of the causal relation. How do you know that the putative germ cell mutations that you attribute to heavy and chronic alcohol consumption in the parents occurred before the conception of the affected offspring? You must carry out analyses and add evidence to demonstrate that the diagnosis of alcoholism (or at least the onset of the excessive consumption that led to a clinical diagnosis eventually) occurred before the birth of the child. This is the only analytical framework that can bolster your underlying hypothesis. Having a child affected by autism or ADHD can lead parents to seek emotional relief in alcohol drinking, which would also create a statistical association. Therefore, it is paramount that you document the temporality of the association*.

This is a good point. We have now also calculated the risk of autism and ADHD in offspring when their parents were diagnosed with alcohol use disorder (AUDs) before the birth of the offspring, and the results are shown in [Table 3](#tbl3){ref-type="table"}.

*2) Although the attempt to distinguish between risks in biological and adoptive parents is commendable much of your reasoning hinges on the lack of significance among the latter to advance the notion of a causal mechanism. With at most nine parents for ADHD and one father for autism the analysis for cases among adoptive parents is imprecise, and thus meaningless. You must refrain from making sweeping statements about the differences between findings in biological and adoptive parents as being in support of your hypothesis*.

Thanks for this comment. We have modified the Discussion section to avoid any imprecise conclusions.

*3) The argument that the effect is greater for maternal than paternal alcoholism calls for a specific test for effect modification for the data summarized in* [*Table 2*](#tbl2){ref-type="table"}.

We agree with this comment. However, the differences in offspring risk between maternal and paternal alcoholism are rather small and probably not clinically meaningful. We have therefore omitted the argument that the effect is greater for maternal as opposed to paternal alcoholism.

*4)* [*Tables 2--4*](#tbl2 tbl3 tbl4){ref-type="table"} *should be more explicit and indicate in additional columns the number of persons at risk and hopefully the person-time accumulated in each category*.

This is a good point. We have included the number of individuals at risk and the person--years of follow-up in these tables.

*5)* [*Table 3*](#tbl3){ref-type="table"} *needs to be better explained. It seems that your study did not confirm the expected trend of increased autism risk with advanced paternal age*.

This is correct. We could not confirm an increased risk of autism with advanced paternal age, and we have deleted this table because our study focused on the risk of autisms and ADHD among offspring with a family history of AUDs rather than the potential effect of advanced parental age on autism risk.

[^1]: O, observed number of cases; SIR, standardized incidence ratio; CI, confidence interval.

[^2]: Bold type, 95% CI does not include 1.00.

[^3]: PAF, population attributable fraction.

[^4]: O, observed number of cases; SIR, standardized incidence ratio; CI, confidence interval.

[^5]: Bold type, 95% CI does not include 1.00.

[^6]: O, observed number of cases; SIR, standardized incidence ratio; CI, confidence interval.

[^7]: Bold type, 95% CI does not include 1.00.
